A Gram-stain-negative, aerobic, motile rod-shaped bacterium, designated 6-67 T , was isolated from a soil sample collected from Longyearbyen, Svalbard. Its taxonomic position was investigated by genotypic, phenotypic and chemotaxonomic analyses. This isolate grew at 4-28 C (optimum, 20 C), at pH 5.0-9.0 (optimum, pH 7.0) and with 0-0.2 % (w/v) NaCl. Strain 6-67
The genus Undibacterium, which belongs to the class Betaproteobacteria, was proposed by K€ ampfer et al. (2007) . At the time of writing, this genus comprised nine species with validly published names: Undibacterium pigrum (type species; K€ ampfer et al., 2007) , U. parvum (K€ ampfer et al., 2007; Eder et al., 2011) , U. oligocarboniphilum (Eder et al., 2011) , U. terreum (Liu et al., 2013) , U. jejuense and U. seohonense (Kim et al., 2014) , U. macrobrachii , U. squillarum and U. aquatile (Du et al., 2015) . Cells are characteristically Gram-stain-negative, oxidase-positive, rod-shaped, motile by a single polar flagellum and chemoheterotrophic. Members of the genus contain Q-8 as the major respiratory quinone; phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids; putrescine and 2-hydroxyputrescine as the major polyamines; C 16 : 0 , summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) and C 18 : 1 !7c as the major fatty acids, and C 10 : 0 3-OH as the major hydroxyl fatty acid. The DNA G+C content is in the range 47.7-57.4 mol%. The objective of the present study was to determine the taxonomic position of strain T by using a polyphasic approach.
Strain 6-67 T was isolated from a soil sample collected from Longyearbyen, Svalbard. Isolation was carried out using the standard dilution plating method on R2A agar (BD) at 4 C. The novel strain was routinely cultured on R2A agar and stored by lyophilization.
For amplification of the 16S rRNA gene, the universal bacterial primers 27F and 1492R were used (Wilson et al., 1990) . PCR and 16S rRNA gene sequencing were carried out according to the procedures described by Weisburg et al. (1991) . Sequence similarity was investigated using NCBI BLAST and pairwise alignment was determined using the EzTaxon database (Kim et al., 2012) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the data via CLUSTAL X (Thompson et al., 1997) . Evolutionary distances for the neighbour-
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain T is KU189201.
Two supplementary figures are available with the online Supplementary Material.
joining algorithm were calculated with Kimura's twoparameter method (Kimura, 1980) and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Closeneighbour-interchange (search level=2, random additions=100) was applied in the maximum-parsimony analysis. The root position was estimated by using the 16S rRNA gene sequence of Escherichia coli ATCC 11775 T as an outgroup.
The 16S rRNA gene sequence of strain 6-67
T was a continuous stretch of 1424 bp. Comparative 16S rRNA gene sequence analysis showed that this strain shared relatively high similarities with members of the genus Undibacterium (96.61-94.03 %), Herminiimonas (96.52-96.11 %), Aquaspirillum (96.35 %) and Herbaspirillum (96.21-95.08 %), but below the 97.0 % threshold recommended for the discrimination of separate bacterial species (Stackebrandt & Goebel, 1994) . Therefore, this isolate can be considered as representing a novel strain belonging to the family Oxalobacteraceae. However, phylogenetic trees based on its nearly full-length 16S rRNA gene sequence revealed that strain 6-67
T did not form a robust clade with any members in the family Oxalobacteraceae, and that it formed a monophyletic cluster with the members of the genus Undibacterium, independent of the treeing method applied (Fig. 1) . These results indicated that strain 6-67 T may represent a novel species within the genus Undibacterium, although it shared a wide range of 16S rRNA gene sequence similarity with the members in this genus and usually showed lower similarity to them than to members of the other genera. Based on these results, we selected Undibacterium jejuense JS4-4 T , Undibacterium pigrum CCUG 49009 T , Undibacterium terreum C3T
T , Undibacterium seohonense SHS5-24 T and Undibacterium parvum CCUG 49012 T as reference strains for comparison with the novel isolate.
Growth was evaluated at 20 C on several standard bacteriological media (all from BD): R2A agar, 0.5Â R2A agar, marine broth 2216 (MB) agar, tryptic soy broth (TSB) agar, nutrient agar (NA) and Luria-Bertani (LB) agar. Gramstaining of cells was carried out according to the classical Gram-stain procedure described by Doetsch (1981) . Growth at different temperatures (4, 10, 18, 20, 25, 28, 30, 37 and 42 C) was investigated on R2A agar for up to 2 weeks. The pH range for growth was determined in R2A broth at pH 4.0-11.0 (at increments of 1.0 pH unit) by using the following buffer systems: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 / 0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 ; pH 11.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH. Salt tolerance was tested in R2A broth supplemented with 0-1.0 % (w/v) NaCl (at intervals of 0.1 %) and 2.0-5.0 % NaCl (at intervals of 1.0 %) for 2 weeks at 20 C. Growth under anaerobic conditions was tested on R2A agar in a GasPak (Oxoid) jar at 20 C for 1 month. Gliding motility was investigated as described by Bowman (2000) . Cell morphology was examined via a JEM-1400 Plus electron microscope using cells grown for 48 h at 20 C on R2A agar. Activities of catalase, oxidase and DNase and hydrolysis of starch, tyrosine, casein and Tween 80 were determined according to standard methods. Hydrolysis of CM-cellulose was tested as described by Bowman (2000) using R2A agar as the basal medium. Additional biochemical tests were investigated using the API ZYM, API 20NE and API 50CH kits (bio-M erieux) according to the manufacturer's recommendations. For the API 20NE (assimilation) tests, cells were suspended in diluted AUX medium (1 : 3 in deionized water) for strain 6-67 T , U. seohonense DSM 21777 T and U. parvum DSM 23061 T or AUX medium for U. jejuense JS4-4 T , U. pigrum CCUG 49009 T and U. terreum C3T T .
Antibiotic susceptibility was tested using the disc-diffusion method (Bauer et al., 1966) with discs impregnated with the following antibiotics (concentration per disc): penicillin (10 U), chloramphenicol (30 µg), ampicillin (10 µg), kanamycin (30 µg), tetracycline (30 µg), erythromycin (15 µg), vancomycin (30 µg), clindamycin (2 µg), polymyxin B (300 IU), cefalexin (30 µg), gentamicin (10 µg) and neomycin (30 µg). After 48 h of incubation at 20 C, strains were classified as sensitive or resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic. Resistance to an antimicrobial drug was indicated if no inhibition zone was observed.
Strain 6-67 T grew well on R2A agar, 0.5Â R2A agar and NA, but not on TSB agar, MB agar or LB agar. Cells were Gram-stain-negative, aerobic and motile by a single polar flagellum (Fig. S1 , available in the online Supplementary Material). Colonies were cream-coloured, circular, convex and smooth after growth for 3 days at 20 C on R2A agar. Growth occurred at 4-28 C (optimum, 20 C) and at pH 5.0-9.0 (optimum, pH 7.0). The range of NaCl for growth was 0-0.2 % (w/v); optimum growth occurred without NaCl. Strain 6-67
T was sensitive to penicillin, chloramphenicol, ampicillin, kanamycin, tetracycline, erythromycin and polymyxin B. Other physiological characteristics of strain T are summarized in the species description. Major characteristics that differentiate strain 6-67
T from related species of the genus Undibacterium are shown in Table 1 .
Respiratory quinones were extracted and identified by HPLC (UltiMate 3000; Agilent) as described by Xie & Yokota (2003) . The DNA G+C content of strain 6-67 T was determined by HPLC according to the method of Mesbah & Whitman (1989) . For analysis of cellular fatty acids, strain 6-67 T and the reference strains were grown on R2A agar plates at 20 C to the late exponential phase, according to the manufacturer's instructions. The fatty acids were extracted from cell biomass and fatty acid methyl esters were prepared for analysis by GC (6890N; Agilent) according to the standard protocol of the Sherlock Microbial Identification System (MIDI Sherlock version 6.0, MIDI database TSBA 6) (Sasser, 1990) . For polar lipid analysis, strain 6-67 T was grown in R2A broth at 20 C. The polar lipids were extracted and analysed by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) , and ninhydrin (aminolipids), molybdenum blue (phospholipids) and phosphomolybdic acid (total lipids) were used as the stain reagents. The polyamines of strain 6-67 T and U. terreum C3T T were extracted and analysed as described by Busse et al. (1997) .
The DNA G+C content of strain 6-67 T was 56.21 mol%, which was within the range for the genus Undibacterium (47.7-57.4 mol%). The major cellular fatty acids of strain 6-67 T were summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) (37.55 %) and C 16 : 0 (22.77 %). The major cellular hydroxyl fatty acid was C 10 : 0 3-OH (2.72 %). The fatty acid profile of the novel isolate was similar to that of other recognized species of the genus Undibacterium but differed in terms of proportions; the fatty acids C 17 : 0 cyclo and C 20 : 0 were particular components of strain 6-67 T as shown in Table 2 . Cells of strain 6-67
T contained Q-8 as the major respiratory quinone, which was frequently identified in species belonging to the genus Undibacterium, and MK-7 as a unique minor component. The polar lipids of strain 6-67 T were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two unidentified phospholipids and one unidentified aminophospholipid (Fig. S2) . The novel isolate contained phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the predominant polar lipids, which is consistent with previous descriptions of species of the genus Undibacterium (K€ ampfer et al., 2007; Eder et al., 2011; Liu et al., 2013; Kim et al., 2014; Du et al., 2015) . The polyamine pattern of strain 6-67
T was similar to that of U. terreum C3T T previously reported as putrescine and 2-hydroxyputrescine (Liu et al., 2013) . Phenotypic and molecular studies, especially examination of growth temperature, tolerance to NaCl, polyamine pattern, cellular fatty acid profiles and respiratory quinine pattern, indicated that strain 6-67 T can clearly be distinguished from previously described species within the genus Undibacterium. On the basis of the results from this study, strain 6-67 T should be classified as representing a novel species of the genus Undibacterium, for which the name Undibacterium arcticum sp. nov. is proposed.
Description of Undibacterium arcticum sp. nov.
Undibacterium arcticum (arc¢ti.cum. L. neut. adj. arcticum northern, from the Arctic, referring to the site from which the type strain was isolated).
Cells are strictly aerobic, Gram-stain-negative, motile by a single polar flagellum and rod-shaped. Colonies on R2A agar are cream-coloured, circular, convex and smooth and about 0.5 mm in diameter after incubation for 3 days at 20 C. Growth occurs on R2A agar, 0.5Â R2A agarand NA but not on TSA, MB agar or LB agar. Growth occurs at 4-28 C (optimum, 20 C) and at pH 5.0-9.0 (optimum, pH 7.0). Growth occurs at 20 C in the presence of 0-0.2 % (w/ v) NaCl (optimal, 0 %) on R2A agar. Oxidase-positive but catalase-negative. Starch, casein, Tween 80, DNA and CMcellulose are not hydrolysed. Sensitive to penicillin, chloramphenicol, ampicillin, kanamycin, tetracycline, erythromycin and polymyxin B, but resistant to vancomycin, clindamycin, cefalexin, gentamicin and neomycin. Activities of alkaline phosphatase, esterase (C4), esterase lipase (C8) (weakly), leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase are detected, but those of lipase (C14), valine arylamidase, cystine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, a-fucosidase and urease are not detected. Negative for nitrate reduction and indole production. In API 20NE tests, gelatin and aesculine are not hydrolysed, weakly positive for assimilation of potassium gluconate, but negative for the following compounds: glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, caprate, adipate, malate, citrate and phenylacetate. No acid production from any of the substrates in the API 50CH test panel. The major respiratory quinone is Q-8 and the predominant cellular fatty acids are summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) and C 16 : 0 . The polar lipid profile consists of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two unidentified phospholipids and one unidentified aminophospholipid. The polyamine profile is composed of putrescine as the major compound and a moderate amount of 2-hydroxyputrescine.
The type strain, 6-67 T (=CCTCC AB 2015162 T =KCTC 42986 T ), was isolated from a soil sample collected from Longyearbyen, Svalbard. The DNA G+C content of the type strain is 56.21 mol%. *Summed features are groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 contained C 16 : 1 !7cand/or C 16 : 1 !6c; summed feature 8 contained C 18 : 1 !7cand/or C 18 : 1 !6c.
